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Improved outcome measurement for postYacute rehabilitation has been recognized as a fundamental requirement for the advancement of the evidence base for clinical decision-making and health care policy. 1 Because conditions requiring postYacute care (PAC) often have cognitive and physical impacts, most contemporary functional instruments address cognitive functional skills to some extent. Evidence indicates that cognition is an important contributor to performance of instrumental activities of daily living and should be measured as a separate dimension of function in rehabilitation. 2Y5 Existing instruments consist largely of clinician-reported or performance-based tests with varied content covering skills such as receptive and expressive communication, problem solving, and memory. 2 However, measures have not been developed based on a clear conceptual framework and in-depth empirical testing, which has led to the identification of the need for stronger measures of cognitive function for PAC. 1 This research project focuses on the measurement of applied cognition, which represents Bdiscrete functional activities whose performance depends most critically on application of cognitive skills, with limited movement requirements. [ 2 The Activity Measure for Post-Acute Care (AM-PAC) was developed using the World Health Organization_s International Classification of Functioning, Health, and Disability to inform content coverage and extensive empirical testing to validate three main functional dimensions: Basic Mobility, Daily Activities, and Applied Cognition. 6, 7 The development of the Applied Cognition scale addressed limitations in the precision and content coverage of widely used instruments addressing cognition in PAC settings such as the FIM, 8 Minimum Data Set-Post Acute Care, 9 and Outcome Assessment and Information Set. 10 The AM-PAC was developed using item response theory (IRT) methods, which provided evidence for a unidimensional scale consisting of a comprehensive set of items addressing low to high cognitive functioning. Because each item was calibrated on one underlying scale, it can be administered using computerized adaptive testing (CAT) methods, which leverage IRT to tailor question selection in real time based on the respondent_s answers to the preceding questions. Therefore, only a small number of questions need to be answered and test scores from these individualized administrations are scored on a common scale generated from the calibrated item bank. Because scores are comparable across patients and over time, IRT-based measurement including CAT instruments provides a practical means for monitoring health outcomes with precision across a wide range of ability levels and settings, and over time. 11, 12 CAT administration requires point-of-care computing access within the care setting. For many PAC settings, this capacity is not yet available. As an alternative, IRT methods have been applied to create customized short forms selected from the calibrated item bank that allow paper-and-pencil or other fixed administration. 13 This approach enables comparison of scores from different short forms and CAT instruments based on the same item bank in settings requiring more traditional administration methods. 13 In earlier work, short forms were developed for each of the original AM-PAC scales. 14 Subsequently, a larger calibration study was conducted to expand and refine the AM-PAC instrument, and new short forms were developed for the Basic Mobility and Daily Activities scales for outpatient rehabilitation. 15 The aims of the current project were to create an outpatient rehabilitation short form for the expanded Applied Cognition scale and to conduct an initial assessment of its measurement properties. It was expected that the AM-PAC Applied Cognition outpatient short form would cover an adequate score range and achieve a high level of 
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METHODS
Background: Development of the AM-PAC Item Banks and the AM-PAC-CAT
Development of the three AM-PAC item banks and CATs has been described elsewhere. 2, 6, 16 The final item bank for the Basic Mobility domain includes 131 items, and the Daily Activities item bank consists of 88 items representing the domain of personal care and instrumental activities. 17, 18 The questions ask either how much difficulty the respondent has or how much help the respondent needs to do specific activities. The development of the AM-PAC Applied Cognition item bank paralleled that of the Basic Mobility and Daily Activities item banks. 2, 6, 16 The calibration field study was conducted in two phases, using the combined data from the total convenience sample of 1035 adults participating in rehabilitation for a range of clinical conditions, including neurologic (e.g., stroke, brain injury, Parkinson disease, and multiple sclerosis), medically complex (e.g., postsurgical and cardiopulmonary conditions), and musculoskeletal (fractures and orthopedic surgeries such as joint replacement). 16 Data were collected in acute rehabilitation, skilled nursing, outpatient, and home care rehabilitation settings by trained interviewers within six regional rehabilitation networks. The institutional review board of the university and human subjects protection committees of all participating facilities approved the study protocol.
IRT analyses supported the final unidimensional scale consisting of 50 items addressing applied cognition with difficulty estimates ranging from j3.34 to 3.24 logits. Item content in the Applied Cognition item bank includes such activities as reading, managing daily routines, using the telephone, communicating, managing money, and problem-solving.
Differential Item Functioning Analyses
For items fitting the IRT model, responses to an item should be determined by the difficulty level of the item and the functional/ability level of the respondent. If responses differ based on other variables such as age or sex, the item is characterized as exhibiting differential item functioning (DIF). Before conducting item selection analyses for this project, DIF was investigated using the entire sample of 1035 patients based on background variables including age, sex, patient condition group (neurologic, medically complex, and musculoskeletal), and rehabilitation setting (acute rehabilitation, skilled nursing, outpatient, and home care).
Ordinal logistic regression was used to examine DIF. Two ordinal logistic regression models were fit for each item. The first model included the summary score as the independent variable and the item response as the dependent variable. The second model added the background variable of interest and the interaction between the background variable and summary score as the independent variables. Any item with R 2 change greater than 0.02 between the two models was identified as exhibiting DIF. 19 
Subjects and Analysis Data Collection Procedures
To create the Applied Cognition short form, response data for the Applied Cognition item bank were used from the outpatient sample of 235 outpatient rehabilitation patients with neurologic, medically complex, and musculoskeletal conditions in the calibration field study. 7
Short Form Analyses
Descriptive statistics were calculated for the demographic variables including means, standard deviations, and proportions as appropriate. The severity of patients_ impairments was classified using the modified Rankin scale, 16, 20 which consists of five disability levels from none to bedridden. Because very few patients were in the lowest and highest categories, the lowest and the highest two categories were combined. Therefore, BSlight Disability[ included those with no symptoms and those who were Bunable to carry out all previous activities but able to look after own affairs without assistance. 
Item Selection Criteria
Item selection for short forms requires consideration of multiple factors, 21 including measurement precision, content relevance, content coverage, and score range. 14, 15, 21, 22 The target population was outpatient rehabilitation patients. Because of the wide range of cognitive function exhibited in this population without clear evidence of condition-based content or difficulty thresholds, one short form that could be used across community populations was developed. Therefore, the aim was to cover the range of the continuum and to strike a balance between the need for high-quality measurement and the need to minimize the data collection burden for patients and clinicians. The following criteria were used to select items from the AM-PAC Applied Cognition item bank for inclusion in the short form: item information, range of score coverage, and item functional content. 15 
Item Information and Score Range
The item characteristic curve is a representation of the probabilities associated with endorsement of each response to an item. 23 Based on the item characteristic curve, the item information function characterizes the amount of precision with which an item can estimate the functional level of the subject and can be used to calculate a value for the information provided by each item. Item information values can be summed across all of the items to form test information functions (TIFs). 24 A TIF for a specific set of items shows graphically the precision levels for an item set relative to functional level (person ability scores) for a sample. The overall approach was to select a set of items matched to the score distribution for the outpatient sample using item information and test information. 25 The analytic steps are described in detail below. First, the criterion for acceptable reliability for the short form was set at greater than or equal to 0.80. Using the known score variance from the sample (R ! of the short form that would be required to achieve the target reliability of 0.80 was calculated. To select items with information matched to the score range of the sample, the TIF was weighted by the outpatient sample distribution using the following formula: I = Xinfo(5)g(5)d5, I. The item selection process aims to choose the set of items that maximizes the value of I. Although this formula incorporates both test information, (info (5)), and the sample score distribution into the selection process, it does not preclude selection of items with very high information values that cover a narrow score range. To limit this possibility, the highest test information value for any candidate set of items was constrained to that of the target information value. This ensured the selection of items that maximized both the test information and coverage across the score range. To test this procedure, the short form item selection process was repeated without constraining the target information value. Then, reliability, ceiling and floor effects, and TIF were compared for the unconstrained short form and the final short form.
To select the items from the item bank, the information value (I) for each item was calculated.
The item with the highest information value was selected first. Then, the information value was calculated for each candidate two-item short form that included the first selected item combined with each candidate item. The two-item short form with highest value of I was identified, and the second item was selected from that short form. This process was repeated N times (N is the maximum possible number of items in the short form) to obtain a series of short forms (the number of items varied from 1 to N). To determine the number of items in the final short form, the internal consistency reliability of short forms with 1 to N items was examined, and the item content coverage was assessed, as described below.
Simulation methods were used to estimate the IRT-based internal consistency reliability for the short forms and the full item bank. First, 30,000 response patterns were generated by sampling from the empirical person score distribution of the full item bank, and then the squared correlation between IRT score estimates and the true scores was calculated. 26 
Item Functional Content
Consideration was given to the content coverage of the selected items with the goal of representing the range of community-relevant functional tasks in the Applied Cognition item bank and avoiding overrepresentation of a particular task (e.g., remembering).
Assessment of Measurement Properties
To assess the measurement properties of the short form, score range, reliability, and accuracy were evaluated, as described below.
Score Range
Descriptive statistics were calculated for average item difficulty and the range of scores for the short form. The TIFs of the short form and the item bank were compared with the score range of the sample. To evaluate potential problems in measurement across the range of function of the sample population, the percentage of subjects who received the lowest possible score (the floor) and the percentage of subjects who received the highest possible score (the ceiling) were calculated for the short form and the item bank. To explore the score range by impairment group, post hoc Tukey-Kramer tests were conducted to detect differences in mean score for the full item bank and short forms by impairment group.
Reliability
The internal consistency reliability of the final short form was assessed based on the procedures described above. The conditional reliability of the short form and the full item bank were compared across multiple functional levels of the scale, measured as: (score variance j 1/information value)/ score variance. 27 
Accuracy
The accuracy of the short form was addressed by calculating the intraclass correlation coefficient (ICC 3,1 ) and the 95% confidence interval for agreement between the short form scores and full item bank scores. The score agreement between the short form and full item bank was also examined using the Bland-Altman plot. 28 
RESULTS
DIF Analyses
The authors_ analyses revealed some items within the scale that demonstrated DIF. The item Bunderstanding information on food labels[ exhibited DIF across age, and Bcoping with unexpected daily events,[ Busing information on the bill to figure out where to call if you have a problem,[ and Bkeeping important personal papers such as bills, insurance documents, and tax forms organized[ exhibited DIF across patient groups (neurologic, orthopedic, medically complex). In addition, two items, Bremembering things such as steps to complete daily activities, people_s names, etc.[ and Btaking care of complicated tasks like managing a checking account or getting appliances fixed,[ demonstrated DIF across rehabilitation settings. These six items were removed from the item bank before analyses were conducted on the outpatient sample.
Subject Characteristics
The characteristics of the study sample are shown in Table 1 . The mean (SD) age of the sample was 56 (17) yrs, and 52% were female. The majority of the sample was white, and a wide range of educational levels was represented. The severity of disability was characterized as slight in 51.5%, moderate in 40%, and severe in 7% of the sample.
Applied Cognition Short Form
Logit scores were transformed to T scores with a mean (SD) of 50 (10), with higher scores indicating better function. The score variance of the outpatient sample was 2.91; therefore, the target information value in this study_s sample is 1.72. The maximum number of items in the short form was set at 20; therefore, the item selection process resulted in 20 short forms (number of items from 1 to 20). To determine the number of items in the final short form, the internal consistency reliability of short forms with 1 to 20 items and the item content were examined. When the number of items was equal to 7, the reliability of the short form was 0.8. When the number of items was greater than 13, the reliability exceeded 0.85. Taking into consideration the reliability, respondent burden, and item content coverage, the final short form included 15 items covering content such as understanding and communicating directly and using the telephone, remembering, managing activities, reading, following instructions, and completing complicated tasks ( Table 2 ). Because the initial 15 items represented a range of community-relevant functional tasks, no changes were made based on functional 
Measurement Characteristics Score Range
The entire range of scores for the short form was from 11.85 to 61.23 (mean [SD], 50 [10] ). None of the subjects were at the floor for either the short form or the item bank. For the short form and the item bank, respectively, there were 65 subjects (27.66%) and 62 subjects (26.38%) at the ceiling score. Table 3 provides a summary of descriptive statistics for score range. The largest proportion of patients at the ceiling was in the group with musculoskeletal conditions, followed by those with medically complex and neurologic conditions. Post hoc Tukey-Kramer tests for differences across impairment groups revealed significant differences in mean scores for the full item bank item across all groups: F 2,232 = 23.48, P G 0.0001. Mean short form scores were different between neurologic and orthopedic groups: F 2,232 = 18.36, P G 0.0001. The mean short form score for the medically complex group was not significantly different from that of the other two groups. Figure 1 shows the comparison between the TIFs for the short form and the full item bank and demonstrates the increase in precision associated with the larger number of items in the full item bank. The peaks of the TIF plots for the short form The item goodness of fit was assessed by Infit mean square (MNSQ) residual. The authors adopted Bond and Fox_s criteria and considered 0.6Y1.4 an acceptable Infit MNSQ range. 29 and the full item bank approached the score range where most of the subjects were located but were shifted toward lower function.
Reliability
The short form demonstrated reliability greater than 0.80 in the score range from 17 to 56 and more limited performance for scores beyond 56 (Fig. 2) . The IRT-based internal consistency reliability of the short form was 0.86, which is comparable to that of the full item bank (0.89).
Accuracy
The ICC 3,1 of the short form scores with full item bank scores was 0.97 (95% confidence interval, 0.94Y0.98), which indicates very strong agreement. The Bland-Altman plot demonstrates that most of the score differences were within the 95% limits of agreement (Fig. 3) . The variation in score difference increased as the average score increased, which is reflected in the decreasing reliability of the short form as the scores increased.
The results of the test of the authors_ item selection method with the alternative approach in which the target information value was not constrained revealed that there were 8 items (53%) in common across the two short forms using the two approaches. The internal consistency reliability of the short form using the unconstrained approach was 0.84, which is less than the final short form (0.86). The ceiling and floor effects of the short form based on the unconstrained approach were 79 (33.62%) and 1 (0.43%), respectively, which were worse than those in final short form (27.66% and 0%). As expected, the TIF of the short form selected using the unconstrained approach resulted in a higher test information value and less score coverage compared with the final short form (see Supplemental Digital Content: Appendix A; http://links.lww.com/PHM/A130).
DISCUSSION
The results of this study indicate that a 15-item short form for the AM-PAC Applied Cognition domain demonstrated acceptable score range coverage, accuracy, and reliability for measurement of self-reported cognitive functioning in outpatient community rehabilitation settings. The final short form demonstrated high reliability and score agreement with the full item bank.
The authors_ goal was to develop an instrument that may be used across patient groups. Therefore, analyses were conducted to evaluate DIF across impairment groups and background variables. After removing six items from the item bank that exhibited DIF, the results indicated that the remaining 44 items in the item bank function consistently regardless of impairment category and therefore can be used across people with these impairments. Indeed, the authors_ aim in developing the measure was to be able to detect differences in functioning for people within and across different conditions. Differences were found in score distributions by impairment group, with lower scores noted for people with neurologic conditions than those with medically complex or musculoskeletal conditions. This is not surprising because neurologic conditions are more likely to be associated with cognitive sequelae than musculoskeletal conditions. As expected, ceiling effects were found for this short form. To maximize generalizability, the sample included persons with a range of conditions, some of which have less impact on cognitive function. Because the short form was not developed exclusively for a subset of conditions such as for persons with neurologic disorders, a proportion of this study_s sample would be expected to have minimal or no cognitive impairment and therefore be correctly characterized at the ceiling. The lowest ceiling effects were found for patients with neurologic disorders, and highest effects were found for patients with musculoskeletal problems. The authors acknowledge that this short form will be of greatest use among patient groups with cognitive difficulties. Although lower ceiling effects would be advantageous, as the authors have reported previously, there is no obvious set of more difficult items that are not confounded by education. 2 Evidence supports the need to measure cognitive function as a separate, important dimension of outcome for people undergoing rehabilitation. 2Y5 The Applied Cognition outpatient short form can be used to assess aspects of cognitive and communication skills that are critical to rehabilitation outcomes and living in the community for people with cognitive impairments, such as the ability to remember appointments and everyday tasks, follow conversations, plan their day, manage medications, and wayfind in the community. The fact that the Applied Cognition items fit the IRT model supports the interpretation of scores at the interval level. Therefore, the magnitude of score change can be interpreted similarly across the range of the scale, regardless of the specific items used to assess functionVa 10-point change at the low end of the scale indicates a similar change in ability as a 10-point change at the higher end. The scoring on a scale with a mean of 50 and a standard deviation of 10 provides context for a patient_s or group of patients_ scores relative to the larger distribution, such that 10 points indicates a large difference or change. The AM-PAC is copyrighted by the Trustees of Boston University. AM-PAC short forms can be licensed for $280/yr. License information and a scoring table for the AM-PAC Applied Cognition outpatient short form are available from the authors.
The authors_ findings build on earlier work demonstrating the usefulness of IRT methods to guide item selection for short forms tailored to user needs (e.g., outpatient vs. inpatient) that allow score comparison to other short forms and CAT scores derived from the same calibrated item bank. Traditional functional measures were developed FIGURE 3 Bland-Altman plot for scores based on the short form and the full item bank. The x-axis represents the average of the short form score and the full item bank score. The y-axis represents the difference between the short form score and the full item bank score. The solid line is the mean difference between the short formYbased scores and the full item bankYbased scores. The two dashed lines indicate the 95% limits of agreement.
independently for each PAC setting and, consequently, lack of comparability of setting-specific measures has hampered progress in the field. 30 To improve the quality of postYacute rehabilitation care, it is critical to develop a comprehensive outcome measurement system that can be used across the full range of PAC environments through an entire episode of care. Although IRT-based instruments have provided a framework for such a system, fixed, short-form versions are needed for settings where computing is not possible. The previously published outpatient short forms for the Basic Mobility and Daily Activity scales 15 and this new instrument yield a complete set of outpatient short forms for the scales of the AM-PAC that can be used as alternatives when CAT administration is not feasible.
IRT methods can be used to enable continuity of outcome measurement across rehabilitation settings and the functional continuum. There are few studies reporting on the performance of tailored short forms from IRT-based instruments. Preliminary research into the properties of the short forms for the Basic Mobility and Daily Activities scales of the AM-PAC demonstrated promising reliability and content coverage compared with the full item banks. 14, 15 Studies of the PROMIS (Patient Reported Measurement Information System) are beginning to compare tailored short forms to other measures. One PROMIS study on the measurement of depression found marginally better overall performance by the CAT compared with the short form but very high correlations between the short form and the full item bank. 21 In the domain of physical function, the PROMIS 10-item CAT demonstrated superior measurement characteristics compared with its short forms and such instruments as the Health Assessment Questionnaire and SF-36. 31 The 20-item short form provided better measurement than traditional fixed-form comparators with more items. The 10-item short form did well in a general population sample and less well among persons with disability.
Although CATs show promise for efficient outcome measurement across settings, many PAC settings do not have access to point-of-care computing technology that is essential to the administration of these instruments using CAT. Thus, short forms connected to CATs through their calibrated item bank provide an important bridge across instruments and toward improving measurement across PAC settings.
Limitations
There are several limitations to this study that should be noted. First, the items selected for this Applied Cognition short form were optimized for patients in outpatient rehabilitation. Therefore, the Applied Cognition short form may be less appropriate for patients served in other care settings. Secondly, the subjects in this study were a convenience sample of patients drawn from rehabilitation settings in the Boston area. As with any convenience sample, there are limits to the generalizability beyond the populations served by these settings. Finally, this short form provides broad coverage of the Applied Cognition item bank using 15 items. In developing this short form, the objective was to strike a balance between the need for high-quality measurement and the need to minimize the data collection burden for patients and clinicians. More research is needed to better understand the cognitive functioning of patients undertaking rehabilitation and to investigate the relationships between applied cognitive functioning and specific conditions. This knowledge can be used to guide item selection by subgroup and refine and potentially streamline future short forms. The goal of this project was to develop a short form covering a wide range of function and content to allow clinical measurement and future research in settings without computer access at the point of care.
In summary, these analyses demonstrated that a psychometrically adequate rehabilitation short form could be developed from the 44-item AM-PAC Applied Cognition item bank. The 15-item Applied Cognition short form yields a useful instrument that can be applied across rehabilitation settings where point-of-care computing is not available for use. The use of IRT methods to provide a common score scale across instruments derived from the same calibrated item bank enables providers and researchers to choose the most appropriate instrument for their setting while maintaining the ability to track functional outcomes across instruments and PAC settings.
